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–Sir W. James Black (MD & Pharmacologist) 
•ACE inhibitors 



























































Unfolded protein response 









Branden C, Tooz J. Folding and flexibility. In: Introduction to Protein 



















































































『まんが医学の歴史』茨木保 医学書院, 2008  
『薬の散歩道－薬理学入門』 仁木一郎 メディカル･サイエンス･インターナショナル社, 2010 
Ehrlichから Domagk, Gerhard（1895-1964） へ 
『まんが医学の歴史』茨木保 医学書院, 2008  


















Basic & Clinical Evaluation of New Drugs; Drug Discovery 
• Sulfonamides (first chemotherapeutics) 
• Development of modern diuretics 
 Diuretics;  Sufonylureas;  Thioureas 
    antidiabetics  antithyroid 
 
• Development of adrenergic β blockers (Dr. Black) 
• A history of the development of H2 receptor blockers; 
Sir W. James Black (Pharmacologist) 
 
Sulfanilamide Acetazolamide Dichlorphenamide 








Development of modern diuretics (2) 
Sufonylureas; antidiabetics 
Sulfanilamide 
Goiter in rat 
Hypoglycemia 












Sir W. James Black (Scottish doctor, Pharmacologist) 







(β2 blocker, partial agonist) 
イソプロテレノール 
プロネサロール プロプラノロール 
Development of adrenergic β blockers  (Dr. Black) 
Cf. Methoxamine  




CH CH NH2 
OH CH3 
naphthalene 
Butoxamine (β2 blocker ) 
特許1964; Brit J Pharmacol, vol 25, pg 577-591, 1965 
1960、DCI 
β遮断薬の分化・進化 










Like DCI, > 4 years 
1972 Br J Pharmacol) 
Brimamide 
(Weakly active  
in human) 
A history of the development of H2 receptor blockers;  
Sir W. James Black (Pharmacologist) 
Katzung, p65  
Smith, Kline and French for whom 
he worked for nine years until 1973. 
Histamine 
(agonist) 
A history of the development of H2 receptor blockers;  















Ondetti MA (pharmacologist)  Cushman DW (chemist) 
The Albert Lasker Clinical Medical Research Award (1999) 
Development of ACE inhibitors 
Utility of pharmacological enquiry on poisons 
• 1960s Bradykinin potentiating factors or peptides 
(BPF, BPP) in the venom of pit viper 
• 1968  BPFs synthesized inhibit both kininase II and ACE 
• 1970  Both enzymes are the same enzyme, dipeptidyl 
carboxypeptidase 
• Teprotide (BPF9a) i.v. lowered blood pressure consistently. 
BPF5a was most potent in vitro. Three a.a. Try-Ala-Pro, 
Phe-Ala-Pro were active. 
• Crystal structure of carboxypeptidase (zinc-containing) 
similarity 
アンジ（ギ）オテンシン変換酵素 
（ACE、dipeptidyl carboxidase I, kininase II、 
肺血管内皮細胞の血漿膜に存在する） 
<ACE> 
A I  
NH2-Asp-Arg-Val-Tyr-Ile-His-Pro-Phe-[-His-Leu-COOH 
A II (active)  
NH2-Asp-Arg-Val-Tyr-Ile-His-Pro-Phe-COOH 
 
< ACE ＝kininase II> 
Bradykinin (active)   
NH2-Arg- Pro- Pro-Gly-Phe-Ser-Pro-[-Phe-Arg-COOH 
Inactive peptides 
 
Product inhibition by that generated by enzyme  
 catalysis 
1) -COO- group on the C-terminal proline 
2) amide carboxyl between a.a. 
3) hydrophobic interactions (with methyl groop) 
4) Zn2+ in enzyme interaction with -SH, -COOH,  
 -POO- groups 
 
1977  Captopril 
 Enalapril -- (hydrolysis)  enalaprilat 




Dipeptidyl carboxypeptidase and its inhibitors 
ACEI & lisinopril 
ACEI & lisinopril 













カンデサルタン シレキセチル Candesartan cilexetil 




































































































 = 0.3 nM candesartan cilexetil 
       (TCV-116) 
















  AII収縮に対する抑制作用（ウサギ大動脈標本） 
















-log[Angiotensin II (M)] 
9 8 7 
-log[Angiotensin II (M)] 































































Olmesartan medoxomil (prodrug) 



















































• 侵害刺激と鎮痛； good pain & bad pain 
• ノンレム睡眠経路NREM sleep-promoting pathway  
デクスメデトミジン；α2アドレナリン受容体 
α2 agonists in anesthesia 
α2 agonists in analgesia, sedation 







参照 新薬理学入門 図4-8 













GPCRs as an illustration of F.Jacob‘s idea `evolution is molecular tinkering’. 
新機能のタンパク質をつくり進化の原動力となるのは分子の鋳掛け屋molecular 
tinker （ブリコラージュle bricolage） 
 Phylogenic tree of amine transmitter GPCR family.  
TiPS 
















α2C AR: 低温曝露により細胞膜へと再分布 
α2AKO 581 650 370 479 
WT  395 540 365 437 
Heart rate    Basal     Atrop       Prop      A + P 
Presynaptic α2-adrenergic receptor subtypes. 
α2A-KO: 血中ノルエピネフリン高 
α2C-KO:血中エピネフリン高 
α2-Adrenergic receptors differ in their trafficking routes in 
cells. 
7.11 Synaptic Sensitization and Depression  





GIRKs (Kir3.x) Open 




receptor kinases  
Adenylyl cyclases 
PI 3-kinase 
Several protein  





(          MAPK) 
or 
Roles of Gbg Subunits  
Gbg 



















































































State dependence of Gbg modulation of presynaptic Ca2+ 
channels 
(1:1) 
















Integrative regulation of blood pressure by 
different α2-adrenergic receptor subtypes. 
α2C 
Origins of pain. Science 1997 278: 239-240 
図3-59 痛覚神経経路と麻薬性鎮痛薬の作用メカニズム 
Three α2-adrenergic receptor subtypes are involved in 
the control of pain perception in mice. 
PAG 
図8-5 脳のノルアドレナリン作働性神経系 
LC (locus coeruleus), VLPO (ventrolateral preoptic nucleus：POAH 睡眠活動性細
胞), TMN (tuberomammillary nucleus),  ACh = acetylcholine; DR = dorsal raphe nuclei; His = 
histamine; 5-HT = serotonin; LDTg = laterodorsal tegmental nuclei; NE = noradrenaline; OX = orexin (hypocretin); PeF 
= perifornical area; PPTg =pedunculopontine tegmental nuclei.  










ニコランジル SG-75 の開発 

































AV node; PSA: posterior septal artery←circumflexus artery 






































ischemia involving the outer 
ventricular layer (transmural 
or epicardial injury) 
心筋梗塞初期、攣縮性狭心症 
Lead V4 at rest (top) and after 4.5 min of exercise (bottom).  
There is 0.3 mV of horizontal ST-segment depression,  
















Ischemia-induced ST changes 


































膜電位＝ 60 X log[(PK･Kout + PNa･Naout)/(PK･Kin + PNa･Nain)] 
Slow response in 27 mM K+ 
Purkinje線維活動電位 














K+ channel 開口直接作用 
K+ channel 開口直接作用 
ischemic preconditioning 
薬理学的プレコンディショニング 







K ATP ：ATP感受性Ｋチャネル 
BK   , IK Ca Ca ：Ca活性化Ｋチャネル 
Kv ：電位依存性Ｋチャネル 
約100 pS, 約10 pS 
約10 pS 
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Sensitivity of Different 
Types of the KATP Channel 
to its Openers and Blocker 
Type β-subunit α-subunit EC50 Ki 
diazoxide pinacidil nicorandil glibenclamide 
Pancreas SUR1 Kir6.2 60µM High High 3nM 
Cardiac and  
skeletal muscle 
SUR2A Kir6.2 >1mM 10µM 50µM 1.2µM 
Smooth muscle SUR2B Kir6.2 58µM 2µM 10µM 3µM 
SUR2B Kir6.1 ? 100µM* ? 3µM 
Mitochondria** ? Kir6.1 ? 0.8µM ? 100µM 56nM 
S U R 
S U R S U R K i r 
K i r * 
S U R 
K i r 
K i r 
IONA 
（Impact Of Nicorandil in Angina）  
• 出典：Dargie et al. 2001 AHA 





















Am Coll Cardiol 2000; 35: 345, Eur Heart J 1999; 20: 51）。  
KATP; Preconditioning 
IONA：試験開始時の併用薬（％） 
• 抗血小板薬 88 
• β遮断薬  56 
• Ca拮抗薬 55 
• 硝酸薬  86 
• Statin類  57 
• ACE阻害薬 29 
• インスリン 3.4 












出典：Dargie et al. 2001 AHA 
これからの安定狭心症治療 
抗狭心症薬  予後改善薬 
硝酸薬   抗血小板薬 
β遮断薬  スタチンHMG-CoA還元酵素阻害薬 
Ca拮抗薬   ACE阻害薬 
ニコランジル  ニコランジル 
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